Retinitis pigmentosa (RP) is a group of genetically transmitted diseases that are characterised by a progressive loss of photoreceptors, associated with night blindness, and a progressive restriction of peripheral and mid-peripheral visual field.
Investigations demonstrated that totally blind persons, whose blindness depends on retinal lesions, can be subdivided into four categories, as far as the circadian biorhythms are concerned, ie, (1) normally synchronised to 24-h 1 ; (2) abnormally synchronised to 24-h 2 ; (3) 'freerunning' with a periodicity shorter or longer than 24-h 3 ; (4) without a definite periodic pattern. 4 Because of this, the present study is aimed at verifying the hypothesis that the patients affected by RP, who still maintain a certain visual function or light perception, can belong to one of these categories as far as the blood pressure (BP) and heart rate (HR) circadian rhythm (CR) is concerned. The demonstration that RP patients show a desynchronisation in BP and HR CR could be indicative for attempting rephasing them via extra-ocular techniques of exposure to bright light 5 or melatonin administration. 6 The study was performed in 10 patients (two men and eight women, ranging in age from 20 to 45 years) affected by RP, the variety genetically transmitted as a dominant autosomic disease, showing a different grade of severity in their retinopathy and visual loss, having at least a visual 7 validating the statistical significance of the nychtohemeral oscillation, and quantifying the parameters that characterise the 24-h oscillation, in terms of mesor (M, rhythmadjusted mean, acronym of midline estimating statistic of rhythm), amplitude (A, oscillatory extent from mesor), and acrophase (, timing, in hours and minutes, of the oscillatory crest related to local midnight).
The Single Cosinor method was used for investigating the circadian component of the oscillation (validation of the CR), knowing that the SBP, DBP and HR nychtohemeral variability is better fitted by a multiple component harmonic method, with at least two submultiple periodicities (ultradian components), in order to obtain the optimal variance by the regression. 8, 9 Therefore, each individual SBP, DBP and HR time series was further analysed, as recommended, 8, 9 via a threecomponent periodic regression analysis, fitting a cosine function with three harmonics having a period of 24-h, 12-h, and 8-h, respectively.
Importantly, the second and third harmonic component, with a period of 12-h and 8-h, can be regarded as the expression of the synchronisation to the entraining agents that act during the diurnal part of the day, such as, occupational and social routines, meal timing schedule, motor-rest activity, etc.
The individual rhythmometric estimates of the CHS were summarised by means of the Population-Mean Cosinor 10 in order to obtain the reference mean estimates with their dispersion. Table 1 displays the rhythmometric estimates of SBP, DBP and HR CR in each RP patient by comparison with the reference mean estimates provided by the CHS.
It is important to point out that among the investigated RP patients, two cases (nos 7 and 8) have lost the significant power of both the 24-h and 8-h periodic Table 1 Rhythmic biometry of systolic (S) and diastolic (D) blood pressure (BP) and heart rate (HR) monitored over a day-night period in non-blind patients affected by retinitis pigmentosa (RP) as compared to clinically healthy subjects (CHS) Values rounded to the nearest unit; Mesor and amplitude given in mm Hg for SBP and DBP, in bpm for HR; acrophase given in h:min; s.e.m., standard error of the mean; 95%CL, 95% confidence limits.
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Journal of Human Hypertension components which contribute to the SBP, DBP and CR, resulting, thus, 'free-running' with a period of 12-h; three cases have lost the significant power, respectively, of the second periodic component (no. 9), and, of the third periodic component (nos 3 and 4), showing an imperfect synchronisation to 24-h; the remaining five cases (nos 1, 2, 5, 6 and 10) have partially or totally lost the significant power of both the second and third periodic components, appearing, thus, synchronised to 24-h without the ultradian modulation which contributes to the diurnal-nocturnal asymmetry of the BP and HR circadian oscillation.
The retina is a phototransductive organ which conveys the light stimulus to the suprachiasmatic nuclei, a hypothalamic structure which is involved, as a master clock, in entraining the BP and HR CR. 11, 12 Accordingly, the hypothesis was formulated that the patients affected by RP should be in some way disturbed in their BP and HR CR, because of the gradual abolition of the photic stimulus caused by the degeneration of the retina. The present study has confirmed such a hypothesis, revealing that two RP cases were effectively lacking the BP CR.
It must be stressed that the circadian fluctuation of human BP and HR is not sustained by a single periodic component with a 24-h period, in that it results from the intermodulation of at least two other ultradian cyclic components, having the period of 12-h and 8-h, respectively. 8, 9 This means that the ultradian components represent the influence of the entraining agents, which are active during the diurnal part of the day. Vice versa, the 24-h periodic component maximally reflects the entraining influence of the day-night cycle.
In discussing the results of the present study, it is mandatory to take into account the multifrequency structure which sustain the BP and HR CR in healthy humans. In fact, looking at the RP patients only in terms of the 24-h harmonic component, one could affirm that the majority of these cases, not yet blind, have no perturbation in their BP and HR CR. This is demonstrated by the finding that the power of the 24-h harmonic component shows a statistical significance in eight of the 10 RP patients (80%), confirming that the synchronisation to 24-h is not a phenomenon which can be regarded as casual. However, looking at the RP patients in terms of statistical significance for the second and third periodic component, one can easily detect that all the eight cases with a preserved synchronisation to 24-h, show a demodulation of at least one ultradian harmonic component. Such a finding suggests that the RP patients with a certain residual grade of visual acuity, show a defective synchronisation to the entraining agents which act during the diurnal part of the day. In other words, this means that the RP patients with a preserved light perception can be enclosed into a 'fifth category', in addition to the ones described in the outset. They can be classified as showing a desynchronisation to the environmental ultradian entraining agents which act during the time of the day in which human beings are not sleeping.
Importantly, the loss of the ultradian components in BP and HR 24-h variability in RP patients could induce us to take into alternative consideration other extraocular techniques of synchronisation. With respect to this, it has been reported that the exposure to bright light applied to the skin behind the knee (popliteal illumination) can entrain the circadian rhythm of melatonin and body temperature, two major markers of circadian synchronisation. 13 An entrainment could also be achieved by administring melatonin as it has been suggested in blind people. 
